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A MENU TECHNIQUE FOR UTILIZING VERT INTERACTIVELY

1.0 BACKGROUND
1.1 The purpose of this technical report is to describe a procedure which
enables the user to execute the Venture Evaluation and Review Technique

(VERT) in a quasi-interactive mode.

1.2 VERT is a computerized, stochastic network model designed to simulate
decision environments under risk. VERT provides the program manager with
accurate risk information in all three risk parameters (time, cost and
performance) simultaneously. Appendix A to this report contains a copy of a
short article written in June 1979 by Major Greg A. Mann, USAF, which
describes the capabilities of VERT and its value in assessing the risk of a
weapon-system acquisition process. In addition, the network methodology of
VERT provides a systematic way to analyze the various tasks required to
accomplish a project or mission. This structured approach greatly facilitates

the planning and control of such projects.

1.3 The version of VERT utilized by the menu technique will enable the

user to construct a network of up to 400 nodes and 750 activities. In
addition, up to 85 nodes may be selected by the user in obtaining network
time, path cost, total cost, and performance output information in histogram
form. The user signals his selection to VERT by placing a two digit number
(numbered from 1 to 85) in Colqmns 15 and 16 of the node card. Terminal
nodes automatically print out and therefore, should not be numbered.

Furthermore, placing a "16" in Columns 13 and 14 of the node card.(including



any terminal nodes desired) will establish a "X" and "Y" data file of the

histogram output for subsequent "camera-ready" graphical display (color or

black and white) via the menu technique.

1.3.1 This version of VERT also includes an user selected option for
obtaining a listing of the cumulative mean completion times for each
node in the network listed in ascending time order. A "1" entered in
Column 9 of the control card evokes this option. A blank in Column 9
signals VERT that the option is not desired. This option is very valuable

for analyzing the network.

1.4 The Decision Models Directorate of the US Army Armament Material
Readiness Command (ARRCOM) distributed in November 1979 for public release a
user's manual for VERT. With the inclusion of the replacement page attached
as Appendix B to this report, that user's manual may be used for running
this version of VERT. Copies of the VERT User's Manual may be obtained
from Mr. Albert J. Patsche, AUTOVON 793-5292. Limited copies are also
available by calling Mr. Kenneth L. Kearley, AV 693-3181, Directorate for
Plans and Systems Analysis, US Army Troop Support and Aviation Materiel
Readiness Command (TSARCOM).

1/
1.5 The author of VERT, Mr. Gerald L. Moeller, has co-authored a book
which introduces the subject of network analysis, provides a history of

VERT and describes the VERT computer model in great detail. The version

B,

Moeller, Gerald L; Lee, Sang M.; and Digman, Lester A.; Network Analysis
for Management Decisions; Kluwer-Nijhoff Publishing, Copyright 1982.




of VERT described in that book is different from the one utilized by

the menu technique in this technical report; however, most of the VERT
documentation contained in the book is still applicable. Mr. Moeller is
currently employed with the US Army DARCOM Installations and Services

Activity, Rock Island, IL, AUTOVON 693-5918.



2.0 INTRODUCTION

2.1 To use the menu technique, access is required to a host which supports
the IBM Virtual Machine Facility/370 (VM/370). ‘This system inturn contains
the Conversational Monitor System (CMS),‘g/ from which the menu technique
owes its existence. Thus, in addition to a knowledge of VERT, the user
should have an appreciation of CMS. However, because the procedure
described in this technical report is in an easy-to-use menu form, it

is not necessary that the user be proficient with CMS to use the menu
technique. Furthermore, with a few hours of training in VERT and CMS, the

user should be capable of using the menu technique on an existing VERT input

data file.

2.2 To make use of the camera-ready graphics and network plotting features
of the menu technique, access is required to the Tektronix Plot-10 CALCOMP
Preview Routineié/ and the ISSCO TELLAGRAF Computer Graphics System. =

The menu technique may still be used without having access to these two
systems; however, Menu Items 6 and 7 in the Main Menu would not be
available. 1In addition, no node card of a VERT data file should contain

a "16" in Columns 13 and 14 of the card. From this discussion, it should be
apparent that the menu technique has been designed primarily for use with a
computer graphics terminal. In TSARCOM, the menu technique is used with
either a Tektronix 4014 (Black and White CRT Screen) or a Tektronix 4027

2/

IBM, Vertual Machine Facility/370: CMS User's Guide, Order Number
GC20-1819-2, Poughkeepsie, New York 12602.

Tektronix, Preview Routines for CALCOMP Plotters, Document Number
062-1526-00, Release Number 1, March 19, 1973, Beaverton, Oregon 97005.

Integrated Software System Corporation (ISSCO), TELLAGRAF User's Manual,
Version 4.0, Copywright 1981, San Diego, CA 92121.
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(Color CRT Screen) computer graphics terminal (Menu Item 6 in the Main Menu

is not usable with the Tektronix 4027). However, any computer graphics
terminal which emulates these two pieces of hardware may be used. Furthermore,
a teletype terminal, a regular CRT device, or a Texas Instrument (TI) Silent
700 suitcase terminal may also use the menu technique. The only exception

as noted previously, is that Menu Items 6 and 7 of the Main Menu would not be

available.

2.3 A certain amount of "housekeeping" is necessary to be accomplished
before the user can begin using the menu technique. The user first needs
to obtain a userid and password for CMS. Then he needs to obtain 4000
blocks of disk space on his 191 "A" Disk and 1000 blocks of disk space on

a second disk (194 "W" Disk). This second disk should be formatted in a
multi-access mode ("MW"). Then these disks must be loaded with the files
listed in Appendix C. With the exception of the two VERT Source Listings
(because of their size), the module files, and certain unprintable graphics
files, the contents of those files are shown in Appendix D. A magnetic
tape can be made available by the author of this technical report to aid the
initial loading. Once loaded, a few alterations need to be made in certain
executive files before the menu technique is ready to be used. It is
recommended that you run some of the sample VERT data files provided before
you begin creating your own in order to test out the menu technique for any
errors in loading the files. Figure 1, Pages 20-23, provides an example of
the "housekeeping' necessary to enable a new user who has access to the

TSARCOM Midwest S&E Computer to use the menu technique.



2.4 1If you use 194 as your "W'" Disk with multi-access mode, then only the
following executive files need to be altered, otherwise everywhere "194"

appears you will have to change it to the new number:

2.4.1 VERTNEW BATCH Al

Line 1

Change "FPKERLY" to your userid

Line 1 - Change "FPVERT" to "bbVERT" where "bb" are the first
two letters of your userid

Line 3 - Change "FPKERLY" to your userid

Line 4 - Change "EPKERLY” to your userid

Line 4 - Change "KEN" to your 191 read only access password

Line 6 - Change "FPKERLY" to your userid

Line 6 - Change "KLK" to your 194 multi-~access password

2.4,2 VERTNEW1 BATCH Al

Line 1 - Change FPKERLY" to your userid

Line 1 - Change "FPVERT" to "bbVERT" where '"bb" are the first
two letters of your userid

Line 3 - Change "FPKERLY" to your userid

Line 4 - Change "FPKERLY" to your userid

Line 4 - Change "KEN" to your 191 read only access password

Line 6 - Change "FPKERLY" to your userid

Line 6 - Change "KLK" to your 194 multi-access password



2.4.3 VERTTEST EXEC Al

Line 31 - Change "REMOTE 4" to your remote job entry site number

Line 48 - Change "FPKERLY" to your userid

2.4.4 VERTBAT FORTRAN Al

Line 12 - Change "FPKERLY" to your userid. Then recompile, load, and

generate a new module for this FORTRAN program.

2.4.5 VERTBAT1 FORTRAN Al

Line 18 - Change "FPKERLY" to your userid. Then recompile, load, and

generate a new module for this FORTRAN program.



3.0 DESCRIPTION

3.1 The menu technique consists of a set of CMS Executive files which
display the various menus and control the execution of those activities
displayed in the menus. There are 5 menus which make up the menu technique.
They are: (1) Main Menu Level (2) VERT NETWORK Plot Secondary Menu Level,
(3) VERT Graph Secondary Menu Level, (4) VERT Datasets Display Listing
Secondary Menu Level, and (5) Tertiary Menu Level for Editing VERT Listing
Data Files. An example of these menus with the name of the respective

executive file shown at the top of the page are provided as Figures 2-6,

Pages 24-28.

3.2 MAIN MENU LEVEL

3.2.1 Figure 2, Page 24, depicts the Main Menu. "VERTEX" is the name of
the executive file which displays this menu. Main Menu Item 1 prompts the
user for the filename of the VERT data file to be run and whether "X" and
"Y" data files for any previously selected node histogram.output are to be
created for the run. The VERT program is then run. The executive file

which carries out Main Menu Item 1 is called " VERTRUN'".

3.2.2 TItem 2 in the Main Menu lets the user do much the same thing as in
Item 1 but with several important differences. Item 2 runs VERT in CMS
Batch mode. Running in batch mode frees up the terminal for other activity
while the job is executing. Thus, this option should be selected for

VERT runs that will take more than a few minutes to complete. The dis-
advantage of the batch mode is that under heavy workloads, the job may

not execute for several hours or until the next day. Because of this,



‘it is highly recommended that debugging jobs be run under Item 1 of the

Main Menu and Item 2 reserved for "Analysis" and "What-if" runs. In addition,
for debug runs, no more than five monte carlo iterations are normally
required for testing the computerized network structure. The executive

file which runs Item 2 of the Main Menu is called '""VERTBAT".

3.2.2.1 Secondly, running VERT in CMS Batch mode enables the user to submit
several jobs back to back. The menu technique uses the second disk (194

"W" Disk) to keep track of each separate run. It is important to remember
that all of your VERT jobs must have completed in CMS Batch mode before
any one job can be examined. Failure to heed this warning could result in
your having to reinitialize and reload your second disk. There are safe-
guards built in the menu technique to avoid this, however, the persistent
user who answers the prompts dishonestly can succeed in damaging his files

on the second disk.

3.2.3 The third item in the Main Menu allows the user to view his output for
a run previously made from choosing either Menu Item 1 or Item 2 of the Main
Menu. If you had run VERT online (Menu Item 1), then the executive file
"VERTTEST" places you in CMS Edit mode, at the bottom of the output file
called "VOUTPUT AAAA Al". This file is created anew for each VERT online run.
If you had run VERT from CMS Batch mode (Menu Item 2), then VERTTEST

places you in CMS Edit mode on your second disk (194 "W" Disk) at the top

of the output file. The name of the output file will be the same as the input
file with the exception of the first two letters which will be '"VO". This

convention requires the user to use "VI" as the first two letters of all his



VERT input data file filenames, Since CMS allows a maximum of 8 characters

for a filename, the remaining 6 or less alphanumeric characters may be

anything the user desires.

3.2.3.1 VERTTEST assumes that VERT online runs are primarily debugging

runs, while VERT offline (CMS Batch) runs are primarily "Analysis" and "What-
if" runs. This "online" vs "offline" difference accounts for the different
placement of the CMS Editor pointer in the output file of each type. For
debugging runs, "X" and "Y'" data files of selected node histogram output
should not be requested. Thus, when Menu Item 3 is selected to find out if a
debug run was successful or not, VERTTEST will position the CMS Editor pointer
at the bottom of VOUTPUT AAAA Al. If this bottom line does not say 'LAST
RANDOM NUMBER SEED=" then you know that you have errors in the file. You can
then enter "QUIT" or "FILE" to get out of CMS Edit mode or, using the various

CMS Edit commands, record what errors you made.

3.2.3.2 Once you are out of CMS Edit mode, VERTTEST asks you if you want a
hardcopy printout of the output file or not. If you had run the VERT job
from CMS Batch mode, VERTTEST also gives you the option to erase any

output files you no longer need (A very good idea for subsequent "What-if"

runs on the same VERT input data file).

3.2.4 The fourth menu item in the Main Menu, aids the user in creating
his own VERT input data file. The executive file which runs this menu item
is called "VERTIN". VERTIN gives the user a choice of using free form

(commas are used to separate the data fields) or fixed form (data must be

10



placed in the correct fields by either spacing or using the CMS Tabset
command) format for creating the VERT input data file. As mentioned

previously, the user is assumed to already have a knowledge of VERT.

3.2.,5 1Item 5 of the Main Menu allows the user to edit and alter an
existing VERT input data file. '"VERTEDIT", the executive file which runs

this menu item prompts the user for the filename of the VERT data file to

be edited.

3.3 VERT NETWORK PLOT SECONDARY MENU LEVEL

3.3.1 Entering a "6" from the Main Menu will cause a second menu

to be displayed (CRT terminal). "VERTPLT" is the executive file which
displays this menu. Figure 3, Page 25, depicts this menu. Menu Item 1

of this secondary menu allows the user to create his own VERT plot data
file. At the present, the method used to create a VERT network plot is
rather crude. The user must first rough out a sketch of the network on a
piece of graph paper. Then he must supply "X" and "Y" coordinate points for
each node (box), arc (line) and connector (circle). Appendix E contains an
User's Manual for the VERTPLOT Program along with the record layout for the
data file. Pages 34 and 88-92, Appendix D contain sample VERTPLOT data files.
In addition, no plotter is currently available at TSARCOM for plotting the
data file. Thus, viewing the network plot is limited to displaying the
network on a Tektronix 4014 (or equivalent) computer graphics terminal using
the Tektronix Plot-10 CALCOMP Preview Routine. Hardcopies can be made via

a Tektronix hardcopy unit, but the pages must then be pieced together to see

11



the entire network., Action has been taken at TSARCOM to obtain an on-line
drum plotter and to improve the VERTPLOT program. However, a target date
for completion of these actions are presently unknown. "VERTPLT1" is the
executive file which runs this menu item. Figure 7, Pages 29-30, provide

some helpful hints in creating your own VERTPLOT data file.

3.3.2 Menu Item 2 of the VERT Network Plot Secondary Menu allows the user
to edit and alter an existing VERTPLOT data file. "VERTPLT2", the executive
file which runs this menu item, prompts the user for the filename of the

VERTPLOT data file to be edited.

3.3.3 Menu Item 3 of this secondary level menu allows the user to view a
VERTPLOT data file which had been created previously. "VERTPLT3", the executive
file which runs this menu item prompts the user for the filename of the VERTPLOT
date file to be displayed. After the user enters the filename, the following
options list is displayed on the screen:

E = Erase

H = Hardcopy

W = Set Screen Size

- § = Skip Frames

R = Reset Offset

C = Continue

Q = Stop Program

? = This Message

12



3.3.3.1 The Tektronix Plot-10 Preview Routine for CALCOMP Plotters User's
Manual-é/ explains what each of the items in this list do. However, only

the third (Set Screen Size) and seventh (Stop Program) item listed in
Paragraph 3.3.3 above are used in displaying a VERTPLOT data file. Entering
"Q" at this time indicates that you entered the wrong plot file filename or
changed your mind about viewing the plot. Entering a "W'" indicates that you
wish to set the "X" and "Y' coordinates in inches for the entire plot or
portion of the plot to be shown on the CRT graphics screen. Once a "W" has
been entered, the message "WHERE WOULD YOU LIKE ORIGIN (X,Y)" will be shown
on the screen and a bell will sound signalling you to enter the "X" coordinate
point for the lower, left-hand portion of the plot to be displayed. Once
entered, another bell will sound signalling you to enter the "Y' coordinate
point for the lower, left-hand portion of the plot to be displayed. Once
entered, the message "ENTER SIZE (WIDTH, HEIGHT)" will be shown on the screen
and a bell will sound signalling you to enter the distance in inches from the
"X" coordinate point previously entered. Once entered, another bell will
sound signalling you to enter the distance in inches from the "Y" coordinate
point previously entered. Once entered, another bell will sound signalling
you to enter a "C" (for "continue"). Once entered, the screen will clear

and the plot will be displayed. After viewing the plot, depress the 'RETURN"
button on your terminal. NOTE: it is highly recommended that you view the
entire plot on the screen first before you make any hardcopies of the plot.
Following this advice will allow you to see any corrections needed to the

network plot structure thus saving time and paper.

13
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Tektronix, op.cit.



3.3.4 Menu Item 4 of the VERT Network Plot Secondary Menu provides a display
of a sample plot. The first screen is a display of the entire plot and the
next 4 screens illustrate what a blow-up of the plot looks like. '"VERTPLT4"
is the executive file which runs this menu item. VERTPLT4 prompts the user

for data throughout the running of this menu item.

3.4 VERT GRAPH SECONDARY MENU LEVEL

3.4.1 Entering a "7" from the Main Menu will cause a second menu to be
displayed (CRT terminal). ''VERTGRAF" is the executive file which displays
the menu. Figure 4, Page 26, depicts this menu. Menu Item 1 of this
secondary level menu allows the user to view (in '"camera-ready' graphics form)
network time, path cost, total cost, and performance output information for
specific nodes previously selected during the running of the VERT program.
"VERTGRF1" the executive file which runs Menu Item 1, keeps track of how many
graphs you had selected to be displayed. Since VERT online jobs énd VERT
offline (CMS Batch) jobs are handled differently by VERTGRFl, it prompts

you for which method you used. If you ran VERT offline, you will then

be prompted for the maximum 6 alphanumeric character unique filename of

the VERT job run. For online jobs, VERTGRFl uses the data file called
"VBANKNAM DATA Al" to pick up the names of the "X" and "Y'" data files

for the nodes selected from the last online job completed which requested
that these "X" and "Y" data files be created. VERTGRFi then prompts the
user to enter the title for the graph and the title for the X-axis. The
title for the Y-axis is fixed as is the basic format of the graph. VERTGRF1

also displays the name of the "X" and "Y" data file to be graphed so that

14



the user knows which titles to put with which graphs. The graph is then
displayed. The user depresses the "RETURN" button on his terminal when he
is finished viewing the graph. For online jobs, if another graph is to be
displayed, the cycle will repeat until all the filenames in VBANKNAM DATA Al
have been displayed. Then the user will be returned to the VERT Graph
Secondary Menu Level. For offline jobs, after all the graphs for one
particular VERT job have been displayed, VERTGRF1 asks the user if he wants
to display graphs for another VERT job which had been run offline. A
negative response will return to the user to the VERT Graph Secondary

Menu Level. A positive response will result in a repetition of the cycle.

3.4.2 Menu Item 2 of the VERT Graph Secondary Menu allows the user to create
his own graphics data file. A knowledge of the ISSCO TELLAGRAF System is
required in order to use this option. "VERTGRF2'" is the executive file which

runs this menu item.

3.4.3 Menu Item 3 of the VERT Graph Secondary Menu allows the user to edit
and alter a previously created graphics data file. "VERTGRF3", the executive
file which runs this menu item prompts the user for the filename of the

graphics file to be edited.

3.4.4 Menu Ttem 4 of the VERT Graph Secondary Menu displays a graphics file
which had been created previously from Item 2 of this menu. "VERTGRF4",
the executive file which runs this menu item prompts the user for the file-

name of the graphics file to be displayed.

15



3.4.5 Menu Item 5 displays three sample graphs of a previously completed
decision risk analysis (DRA) using VERT. The user depresses the "RETURN"

button on his terminal to cycle through the graphs.

3.5 VERT DATASETS DISPLAY LISTING SECONDARY MENU LEVEL

3.5.1 Entering "LIST" from the Main Menu will cause a second menu to be
displayed (CRT terminal). "VERTINDX" is the executive file which displays
this menu. Figure 5, Page 27, depicts this menu. Menu Item 1 of this
secondary menu allows the user to get a listing and brief description of
every eXecutive file used in the menu technique. "VERTIND1" is the
executive file which runs this menu item. Similarily, "VERTIND2" through
"VERTIND6" runs Menu Items 2 through 6 of the VERT Datasets Display Listing
Secondary Menu. VERTIND]l prompts the user for his terminal type (Tektronix
4014 or Agile Line Printer) and the number of lines per page. VERTIND1
then displays a listing of the VERT excecutive files. The user continues
depressing the "RETURN'" button on his terminal until the list is completed
and he is returned to the VERT Datasets Display Listing Secondary Menu.

VERTIND2 through VERTIND6 all function in the same manner.

3.5.2 TERTIARY MENU LEVEL FOR EDITING VERT LISTING DATA FILES

3.5.2.1 Entering a "7" from the VERT Datasets Display Listing Secondary
Menu will cause another menu to be displayed (CRT terminal). ''VERTIND7"
is the executive file which displays this menu. Figure 6, Page 28, depicts
this menu. Menu Items 1 through 6 of the Tertiary Menu for Editing VERT

Listing Data Files allow the user to edit and alter the data file lists shown

16



in the menu. No prompting is provided by VERTIND7 since only one data

file exists per menu item,

3.6 Entering an "END" from the main menu level, any of the secondary menu
levels or the tertiary menu level will exit the user from the menu technique
and return him to CMS. Entering a "R" from either the secondary menu levels
or the tertiary menu level will return the user to the main menu level.
Entering a "S" from the tertiary menu level will return the user to the VERT

Datasets Display Listing Secondary Menu Level.

3.6.1 The menus have all been designed so that the user will remain at the
menu level he is currently operating at until he either 1) Ends the session
2) Goes to a lower menu level or 3) Returns to a higher menu level. Failure
to supply the correct entry at each menu display will cause the menu to be

displayed again.

3.6.2 Automatic clearing of the Tektronic 4014 graphics terminal CRT screen
or Top-of-Form feed for the Agile Line Printer exists for the VERTINDI through
VERTIND6 executive files only. To allow as much flexibility as possible to
users in using the menu techniques for either a TI 700, Tektronix 4027 (scroll
CRT terminal), Agile Line Printer, or a Tektronix 4014 (storage-tube CRT
terminal), the authof decided to let those individuals using the Tektronix

4014 or Tektronix 4027 to do their own clearing of the CRT screen.

3.7 Appendices F-I of this technical report provide some sample terminal

sessions using the menu technique. The samples cover using a Tektronix 4054

17



Graphics Terminal (Emulates a Tektronix 4014 Graphics Terminal), a Tektronix

4027 Graphics Terminal and an Agile Line Printer.

18



4.0 CONCLUSIONS

4.1 As was mentioned at the beginning of the report, the menu technique
executes VERT in a quasi-interactive mode. VERT is run interactively in the
sense of the user responding to the executive file prompts and by the creation
of VERT input data files through the use of the "VERTFREE" FORTRAN Program.
However, it is not totally devoid of batch processing as is in the case of using
CMS Batch in the executive file 'VERTBAT" and in the conversion of user input by
the VERTFREE FORTRAN Program into a card-image file for later processing by the

VERT program.

4.2 By the TSARCOM Directorate for Management Information Systems (DMIS) making
the switch from the IBM 0S/360 System to the IBM Virtual Machine Facility/370
and its Conversational Monitor System (CMS) component, tremendous productivity
gains have been realized in executing the VERT program. What had taken several
weeks in the creating of the VERT input data file, debugging the network, and

running and analyzing the output now takes less than a week.

4.3 These user-created CMS executive files allow the user to ignore the many
and varied administrative and housekeeping tasks required in executing the VERT
program. The easy-to-use menus not only enable the analyst who is familiar with
VERT to pace quickly through the actions required to run and analyze a VERT
application, but also enable the customer to be provided with a tool to obtain

answers to "What-If" questions on a specific project.
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enter class 114411
USACC DATA NUMBERS ARE:
class 141 start

AV-693-3582 OR 314-263-3582
S+E VM/SP ONLINE
!

.log fjnicco &—— New Wser
ENTER PASSWORD:

LABAANARNA

F1LES: 002 RDR, NO PRT, NO PUN

LOGON AT 13:53:08 CDT TUESDAY 07/27/82
M1DWEST S+E COMPUTER CENTER

Y (19E) R/O

CMSZER SYSTEM NAME “CMSZER”
CMSSEG SYSTEM NAME “CMSSEG~
R; T=0.01/0.01 13:53:28

NOT AVAILABLE.
NOT AVAILABLE.

HAVE A NICE DAY

Since new user 15 on. the Samm ¢ Computer , he can link it
.cp link fpkerly 191 193 rr &— .
ENTER READ PASSWORD: my files 4o opy over the necessary /T/es,
-BERAAAAR
R; T=0.01/0.03 13:53:51
.access 193 g &——o UfeA _9" Since +he nex + (omm and uses +hat Filemode .
G (193) RrR/O
R; T=0.02/0.04 13:53:59

—— \ " 0 " o .
.copy menutrsf exec gl cms exec al &—— This AC+IDVI and 'f‘['!& '{\o //ad:n7 (0MM4nzj (CH5 (OPY) W'” ('0/)/ over
R; T=0.05/0.20 13:54:27 '
all +he files Y(gd;rfd 5 use the Menu 7%chn:fao-

.CEM8 coOpy
COPY PROFILE EXEC Gl = = Al
COPY VBANKNAM DATA Gl = = Al
COPY VBANKNAM FORTRAN Gl = = Al
COPY VBANKNAM MODULE Gl = = Al
COPY VERTBAT EXEC Gl = = Al
COPY VERTEDIT EXEC Gl = = Al
COPY VERTEX EXEC Gl = = Al
COPY VERTFREE EXEC Gl = = Al
COPY VERTFREE FORTRAN G1 = = Al
COPY VERTFREE MODULE Gl = = Al
COPY VERTGF5A DATA Gl = = Al
COPY VERTGF5B DATA Gl = = Al
COPY VERTGF5C DATA Gl = = Al
COPY VERTGRAF EXEC Gl = = Al
COPY VERTGRF1 EXEC Gl = = Al
COPY VERTGRF2 EXEC Gl = = Al o
COPY VERTGRF3 EXEC Gl = = Al E
COPY VERTGRF4 EXEC Gl = = Al =
COPY VERTGRFS5 EXEC Gl = = Al &
COPY VERTG5A DATA Gl = = Al ke
COPY VERTGS5B DATA Gl = = Al
COPY VERTGS5C DATA Gl = = Al
COPY VERTIN EXEC Gl = = Al
COPY VERT1INDX EXEC Gl = = Al
COPY VERTIND1 DATA Gl = = Al
COPY VERTIND1l EXEC Gl = = Al
COPY VERTIND2 DATA Gl = = Al
COPY VERTIND2 EXEC Gl = = Al
COPY VERTIND3 DATA Gl = = Al
COPY VERTIND3 EXEC Gl = = Al
COPY VERTIND4 DATA Gl = = Al
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COPY VERTIND4 EXEC Gl = = Al
COPY VERTINDS DATA Gl = = Al
COPY VERTINDS5 EXEC Gl = = Al
COPY VERTIND6 DATA Gl = = Al
COPY VERTIND6 EXEC Gl = = Al
COPY VERTIND7 EXEC Gl = = Al

COPY VERTINP EXEC Gl = = Al
COPY VERTNEW MODULE Gl = = Al
COPY VERTNEW1 MODULE Gl = = Al
COPY VERTPLOT EXEC Gl = = Al
COPY VERTPLOT FORTRAN Gl = = Al
COPY VERTPLOT MODULE Gl = = Al
COPY VERTPLT EXEC Gl = = Al

COPY VERTPLT1 EXEC Gl = = Al
COPY VERTPLT2 EXEC Gl = = Al
COPY VERTPLT3 EXEC Gl = = Al
COPY VERTPLT4 EXEC Gl = = Al
COPY VERTREAD EXEC Gl = = Al

COPY VERTRUN EXEC Gl = = Al

COPY VERTTELE DATA Gl = = ‘Al
COPY VERTTELW DATA Gl = = Al
COPY VERTTERM EXEC Gl = = Al
COPY VERTTEST EXEC Gl = = Al
COPY VERTTEXT DATA Gl = = Al
COPY VICO30P1 DATA Gl = = Al
COPY VILTUGNO DATA Gl = = Al
COPY VILTUGN1 DATA Gl = = Al
COPY VPECPT2R DATA Gl = = Al
COPY VPLTUGN1 DATA Gl = = Al
= A

COPY VTITLE DATA Gl = 1
NCOPY VTITLE FORTRAN Gl = = Al
"™ COPY VTITLE MODULE Gl = = Al

R; T=4.22/14.62 14:00:30

: This (ormmand evoKes the Users Profile ( Profile Exec ,4/)

profile
DASD 291 DEFINED

“19E”° REPLACES ~ Y (19E) ~

Y (19E) R/O

C (193) R/0O

193 ALSO = G-DISK

FILE NOT FOUND. DISK ~ E (194) ~ WILL NOT BE ACCESSED € 7. Second  Disk (194 W) Has net  bern Formitted.

R;
The 7[0//05/70’77 (JMMA»u{f Wil Do 7his .

(penutjuod) 1 AYNOHIA
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query disk

LABEL CUU M STAT CYL TYPE BLKSIZE FILES BLKS USED-(%) BLKS LEFT BLK TOTAL
FINICC 191 A R/W FB 3370 1024 70 1597-80 403 2000
LONNIE 5FF D/A R/0 FB 3370 1024 92 3937-98 63 4000
MNT190 190 S R/O0 FB 3370 1024 192 13454-63 8050 21504
DMP291 291 T R/W FB 3370 1024 0 4- 0 1996 2000
MNT19E 19E Y R/0 FB 3370 1024 595 28561-57 21439 50000
R;

.format 194 w & Foru. H""V the /94 W D'7/{/

DMSFOR603R FORMAT WILL ERASE ALL FILES ON DISK “W(194)°. DO YOU WISH TO CONTINUE? (YES'NO):
.yges

DMSFOR605R ENTER DISK LABEL:

.awce

FORMATTING DISK “W~.

©2000” FB»512 BLOCKS FORMATTED ON “W(194)~.

R;

«dirm mdisk

DVHDIRO22R ENTER VIRTUAL DISK ADDRESS:

.194

DVHDIRO23R ENTER NEW ACCESS MODE, = FOR NO CHANGE, OR ? FOR MORE INFO.

aw e———  Estublishing 4he 194 W s K AS Mult; - Access Mode

DVHDIRO24R DO YOU WANT OTHERS TO BE ABLE TO LINK TO THIS DISK IN R/0O MODE? IF
NOT, ENTER A BLANK (ANY PASSWORDS NOW SET WILL BE DELETED). IF YES,
ENTER PASSWORD, OR = TO RETAIN CURRENT VALUE.

% §3.0.9.9.0.1.1

DVHDIRO25R DO YOU WANT OTHERS TO BE ABLE TO LINK TO THIS DISK IN WRITE MODE?
IF NOT, ENTER A BLANK (WRITE AND MULTI PW°S WILL BE DELETED). IF
YES, ENTER PASSWORD, OR = TO RETAIN CURRENT VALUE.

.BENNAAAR

DVHDIRO26R DO YOU WANT OTHERS TO BE ABLE TO LINK TO THIS DISK IN MULTI MODE?
IF NOT, ENTER A BLANK. IF YES, ENTER PASSWORD, OR = TO RETAIN
CURRENT VALUE.

i {11.8.0.8.1.1

DVHDIROOS5R ENTER CURRENT CP PASSWORD TO VALIDATE COMMAND OR A NULL TO EXIT:

.AARARRAA
DVHDIROO7I DIRECTORY CHANGE NOT EFFECTIVE UNTIL SOURCE UPDATED AND ONLINE.

R;
.dirm storage 2nm e T"'I’ GMM“"" ;" K?’uirf’/ {;" Uﬁm’ TEZ[AGRAF

DVHMCBO75I COMMAND DIRM MDISK : SOURCE UPDATED AND CHANGE ONLINE.

DVHDIROO5R ENTER CURRENT CP PASSWORD TO VALIDATE COMMAND OR A NULL TO EXIT:

.8aaRRAAN
DVHDIROO7I DIRECTORY CHANGE NOT EFFECTIVE UNTIL SOURCE UPDATED AND ONLINE.

R;
. 5 /
.edit profile exec & The 7{;//""'"7 (M5 Edit Copmand s strip ﬁoM the New Users
DVHMCBO751I COMMAND DIRM STORAGE : SOURCE UPDATED AND CHANGE ONLINE.
XEDIT:
/SEf
CP LINK LSECO 191 5FF RR
Tdel2
./193
ACCESS 193 C
.del
.top
TOF :

Pr‘a///c

Jz1alvdquf;a
Records

(penutjuod) 1 AUNH
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VERTEX EXEC A1l
E (184) R/0

MAIN MENU

1

N O b NN

LIST
END

LEVEL: ENTER THE OPTION DESIRED .

RUN VERT ONLINE

RUN VERT OFFLINE (CMS BATCH)

VIEW VERT OUTPUT

CREATE A VERT INPUT FILE

EDIT AN EXISTING VERT INPUT FILE

GET VERT NETWORK PLOT MENU

GET VERT GRAPH MENU

GET VERT DATASETS DISPLAY LISTING MENU
END THE SESSION

¢ 90914
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VERTPLT EXEC Al
SECONDARY MENU LEVEL: ENTER THE OPTION DESIRED .

2
3
4

END

CREATE A VERT PLOT DATA FILE
EDIT AN EXISTING VERT PLOT DATA FILE
DISPLAY A VERT PLOT

SAMPLE VERT PLOT (TROOP SUPPORT LEVEL II MANAGED
ROUTINE ECP PROCESS -PHASE 1)

RETURN TO THE MAIN MENU LEVEL
END THE SESSION

€ JIN9Id



VERTGRAF EXEC Al
SECONDARY

2
3
4
5

END

9¢

MENU LEVEL: ENTER THE OPTION DESIRED .

DISPLAY VERT GRAPHICS DATA FILES USING TELEGRAF BANKDATA FILES
CREATE A VERT GRAPHICS DATA FILE

EDIT AN EXISTING VERT GRAPHICS DATA FILE

DISPLAY A VERT GRAPHICS DATA FILE WHICH WAS CREATED MANUALLY

SAMPLE VERT GRAPHS (SCHEDULE, COST, AND PERFORMANCE CHARTS
' FOR THE COBRA FACTS DRA}

RETURN TO THE MAIN MENU LEVEL
END THE SESSION

? $ANDIA
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VERTINDX EXEC Al
SECONDARY

!

T N OO A NN

END

MENU LEVEL.: ENTER

DISPLAY
DISPLAY
DISPLAY
DISPLAY
DISPLAY
DISPLAY

A LISTING
A LISTING
A LISTING
A LISTING
A LISTING
A LISTING

THE OPTION DESIRED .

OF
OF
OF
OF
OF
OF

GET LISTING MENU FOR
RETURN TO THE MAIN MENU LEVEL
END THE SESSION

VERT EXECUTIVE PROCEDURES
VERT SOURCE PROGRAMS

VERT INPUT DATA FILES

VERT OUTPUT DATA FILES

VERT GRAPHICS DATA FILES
VERT PLOT PREVIEW DATA FILES
EDITING THE ABOVE DATA FILES

¢ TaNdI1d
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VERTIND7 EXEC Al
TERTIARY MENU LEVEL: ENTER

1

w TV O M s W N

END

EDIT THE LISTING
EDIT THE LISTING
EDIT THE LISTING
EDIT THE LISTING
EDIT THE LISTING
EDIT THE LISTING

THE OPTION DESIRED

OF
OF
OF
OF
OF
OF

VERT EXECUTIVE PROCEDURES
VERT SOURCE PROGRAMS

VERT INPUT DATA FILES

VERT OUTPUT DATA FILES

VERT GRAPHICS DATA FILES
VERT PLOT PREVIEW DATA FILES

RETURN TO THE MAIN MENU LEVEL

RETURN TO THE SECONDARY MENU LEVEL

END THE SESSION

9 NNOTA
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Lower feft-haed ¥ corner node wid+h
e L node height
SlLz: WPILIPTZ3 2JATA AEST S+E COMPUTER CENTER . PAGE J)1
ATA 15 In mcﬁesl/,_. VERT I,.,m-% ﬁ/oz}z loy)c L 9:'c
o
TRLUP SUPPUK KOJTINE PHASEST ECP PROCESS —— VERT Output Node ©)

NUDED. e L& ZECP/FECEIVED IN DRSTS-MPC
NUDE5.5  &.00 4. L. 2  2ECP REVIEW CCMPLETED
NUDEIL.D %.33 L. i 2  2ECP RECEIVED BY ELEMENTS
NUDEL6.5 %.30 1. 5 2  2COMMENTS COMPLETED BY ELEMENTS ;
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NUUE33.0 2.3  I. i 2 1ECP _DISAPPROYED
ARC 1. %.5 5.5 4.5 T 01001T 2R 2 - 4 DAYS T
AkL 1. 4.2 5.5 4,2 1 LDRSTS~MPC IDENTLIFIES T, L, & P
AKL 6.5 4.5  11.0 4.5 0 01005T2R 4 - 6 DAYS
AKS 6.5 4.2  11.0 4.2 .1 LDRSTS—MPC SENDS ECP TO ELEMENTS
AKC 12,0 4.5 16,5 4.5 0 O01)0TIZR 15 DAYS , '
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O AKC 2845 645 33.0 6.5 0 O0l015T2R 1 DAY <. 60>

ARC 28.5 6.2 33.0 6.2 1  1BDARD APPROVES) ECP
END 1A
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A risk analysis tool
for program management

By Major Greg A. Mann, USAF

So far, it has not taken a strong hold, but the
Venture Analysis and Review Technique is proving
its value for program managers who need to
assess the risk of changes in cost, schedule, or

specifications.

May-June 1979
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he weapons-system acquisition process has been
T subject to a great deal of criticism in the last dec-
ade. Poor forecasting has contributed to cost and sched-
ule overruns which often affect our national defense
capabilities and create adverse public opinion.! Faced
with public and Congressional scrutiny, managers can no
longer fall back on “cost growth” as an excuse for such
overruns, and will be tasked more than ever to buy the
best available system for the least possible cost within
the prescribed time frame. For each program decision,
the program manager must determine the best balance
among three parameters: cost, schedule, and perform-
ance. In the weapons-system acquisition process, as
contrasted with other areas of management, such deter-
minations are more frequent and more complex, and are
made with less of the essential information.2 This is be-
cause of the inherent uncertainty involved in identifying
and resolving the technological unknowns of developing
programs.,

Uncertainty creates risk,3 but risk can be controlied to
some extent by risk analysis. In particular, one recently
developed quantitative risk-analysis method, the Venture
Evaluation and Review Technique, is proving to be a
powerful program-management tool and has been
applied satisfactorily to several system-development pro-
grams.

Background

Studies of weapons-development projects indicate that
most cost and time estimates made early in the acquisi-
tion cycle eventually prove to be lower than the actual
cost and time for development. This cost growth and time
delay can be attributed principally to two factors of the
initial estimates.4 First, the inability to accurately predict
inflationary trends creates an inherent cost-estimating
error. This error, however, tends to be small in relation to
the second factor—requirements errors, which result from
contractual changes in the scope of work. As a project
develops, operational considerations and technical inno-
" vation necessitate changes in performance specifica-
tions, which in turn affect the schedule and cost. Such
changes are most pronounced in a technically complex
research and deve!opment project. A RAND Corporation
study found that requirements uncertainty contributes as
much as 30 percent to the variations in cost estimates.$

These technical-requirements errors, schedule over-
funs, and cost overruns, together with the rapid increase
in the potential enemy’s technical capability, influenced
DoD's decision in 1970 to accomplish formal risk analysis
as an integral part of the development process.® This di-
rective raises a question: how is the program manager to
implement formal risk analysis?

Risk analysis is not new. It has always been conducted
to varying degrees, based on subjective judgment, ex-
perience, and qualitative inputs. Over the past 20 years,
NUmerous risk-analysis techniques have been developed.
However, most risk analyses are intuitive and incomplete:
intuitive in that the structured quantitative approach often
gives way to hunches and blackboard analysis; incom-

Defense Management Journal

plete in that detailed analyses of isolated aspects of the
problem are rarely integrated into a comprehensive
analysis.

Because the three parameters of cost, time, and per-
formance are highly interrelated, it is impossible to work
with each factor independently without introducing er-
rors.” But past techniques could not mathematically rep-
resent the three parameters and their interrelationships in
a way that provided the program manager with accurate
risk information on all three parameters simultaneously.

Furthermore, in the past, military procurement of major
weapon systems often sacrificed the cost and schedule
parameters in order to maintain prescribed performance
requirements. In the 1960s attempts to alleviate the im-
balance led to changes in procurement strategy. Today,
top managers in the Air Force Systems Command con-
sider cost to be as important as schedule and perform-
ance.

As this change in emphasis was evolving, decision-
management techniques were also changing. The Critical
Path Method and the Program Evaluation and Review
Technigue were developed in the late 1950s. These
original networking techniques were useful in the basic
managerial functions of planning, scheduling, and con-
troling. They were also beneficial in laying out tasks and
in making gross estimates for material, equipment, and

manpower. However, both techniques assumed unrealis=

tically that all activities would be completed successfully.

In the mid-1960s, the Graphical Evaluation and Review
Technique was developed as the first computer-oriented
networking methodology. From this evolved the
Mathematical Network Analyser, developed by the U.S.
Army. MATHNET provided the capability for events, ac-
tivities, activity times, and cost to be modeled probabilis-
tically.

This program was subsequently modified by Army
Logistics Management Center personnel and renamed
the Risk Information System and Cost Analysis. RISCA
provides for the analysis of event uncertainty, but it does
not evaluate the risk of failing to attain the performance

! Herbert L. Bevelhymer, A Proposed Methodology for Weapon
Systems Development Risk Analysis, thesis, Wright-Patterson
Air Force Base, Ohio: Air Force Institute of Technology, June
1973, p. 2.

2 Ibid.

3 For purposes of this article, risk will be defined as the “‘prob-
ability of not being able to acquire a weapon system of speci-
tied performance characteristics within an allotted time, under a
given cost and by following a specific course of action.” R.R.
Lochry et al., Final Report of the USAF Academy Risk Analysis
Study Team, Denver, Colorado: U.S. Air Force Academy, Au-
gust 1971.

4 Ibid.

5 Fisher, G.H., A Discussion of Uncertainty in Cost Analysis, The
Rand Corporation, April 1962.

¢ Deputy Secretary of Defense Memorandum, May 28, 1970,
subject: Policy Guidance on Major Weapon System Acquisition.
7 Hamilton T. Lenox, Risk Analysis, thesis, Wright-Patterson Air
Force Base, Ohio: Air Force Institute of Technology, June 1973,
p.71.
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VERT: a risk analysis tool

objectives. Thus there was still a need to include the
performance variables in the total risk-analysis
methodology. This was accomplished in 1973 with the
development of the Venture Evaluation and Review
Technique. Since then, VERT has been used almost ex-
clusively by Army program managers, who have accepted
it as a flexible and valuable tool.®

The Venture Evaluation and Review Technique uses a
network-simulation approach. In brief, this approach de-
termines risk analysis through two steps. The first step
entails constructing a graphic representation of the
network—the ordered series of activities leading to spe-
cific events. The second step consists of analyzing that
network using a computer program. The following exam-
ple illustrates the process.

The F-X, a hypothetical fighter under development, has
three major components: an airframe, an engine, and an
avionics system. The desired course of action is to build
each subsystem concurrently and integrate them later. A
model of the essential features of this process as applied
to the F-X is depicted in the Figure. The nodes (decision
points) in the network represent alternatives which de-
termine the next arc (activity) to be undertaken in the
network. Additionally, the size of the problem has a
bearing on how the network is structured. If the problem
is large and complex, it is often advisable to construct
lower level networks or subnetworks of major subsys-
tems.?

Once developed, the network is converted to VERT
program terminology. The program has a variety of input
capabilities that make it possible for decision events and
activities occurring in the network to be described. Nu-
merical values for an activity's time, cost, and perform-
ance are assigned to each arc. At each node the next arc
is determined by probabilities or by some criteria speci-
fied by a mathematical relationship.

The process involves a Monte Carlo simulation in
which the design of a network flow across the entire net-
work or subnetwork from the beginning to an appropriate
end point leads to a trial solution of the problem being
modeled. On the F-X fighter, for example, simulation
could assess the activity flow across the total develop-
ment program, or could focus on the flow across the
wing-development subnetwork.

The process is repeated as many times as requested
by the user in order to create a large sample of possible
outcomes. Slack time, completion time, cost, and per-

i 2 t data for each
intz the rRngE
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and concentration of values observed at a given node.
Also, the probability of exceeding certain value levels can
be obtained from the cumulative frequency distributions,
and confidence levels can be inferred.

The computer program produces pictorial histogram
approximations for selected nodes. Thus, a program
manager would have an integrated risk analysis for a
particular point of interest in his program. For example,
the analysis of the cost, schedule, and performance risk
for the F-X program with respect to meeting the sched-
uled Defense Systems Acquisition Review Council mile-
stones could be expressed in the following manner.

Schedule Risk. The probability or confidence level of
being within eight weeks of the scheduled DSARC is 90
percent; tha probability of a schedule overrun of 20
weeks or more is 5 percent.

Cost Risk. The total cost of the program will be within
$100 million of the target cost, with a 90 percent confi-
dence level: there is only a 5 percent probability of a cost
overrun exceeding $225 million.

Performance Risk. The confidence level of being within
500 pounds of the static sea-level thrust specifications is
90 percent; performance risk could be indexed to other
specifications such as speed, weight, reliability, and
maintainability.

The conclusions of the above analysis could vary as
key input parameters change. By modifying the values of
the input data, one can easily rerun the model. This
sensitivity-analysis capabllity provides the decision
maker with the answers to many hypothetical questions.
For example, what if the delivery of critical avionics com-
ponents on the F-X were to take three weeks longer than
originally expected? This contingency could be evaluated
quickly. By substituting the “what if” data and rerunning
the simulation, the decision maker is provided with new
information. Although the program manager is the ulti-
mate user of the VERT analysis, the majority of simula-
tions have been developed and run by the systems anal-
ysis or program control offices supporting the manager.
Yet VERT is not a difficult risk-analysis technique requir-
ing the services of a computer programmer or systems
analyst. All that is needed is an individual who is familiar
with basic mathematics and computer programming and
who can devote about a week of continuous study and
effort to master the model's capabilities.'® However, such
proficiency would be required only in simulating the most
complex or unusual risk situations. The extent to which a
project needs to be segmented into activities and events
is a function of the available data and the results desired.
Breaking down complex situations into subnetworks
simplifies the programming greatly. Some managers

8 T.N. Thomas, VERT: A Risk Analysis Technique for Program

Managers, Defense Systems Management College, May 1977,

p. 21.

® Gerald Moeller, VERT Documentation, Rock Island, lllinois:

U.S. Army Armament Command, 1976. Moeller developed
=T in 187
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VERT Network For Development of Hypothetical F-X Fighter
DSARC
decision
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prefer to estimate parameters for the smaller elemental
items rather than for the entire system or for higher-level
work packages.

If the results achieved in the analysis are not satisfac-
tory, the program manager must analyze the situation
and come up with results that agree with his subjective
judgment. When the proper relationships are determina-
ble and mathematically tractable, most analysts and de-
cision makers prefer the quantitative approach.'’ In the
VERT network-analyzer program, emphasis must be
placed on establishing proper relationships. Actual con-
ditions must be represented if creditable analytical results
are to be produced. The desire for a quantitative answer
or analysis should not force the analyst to disregard or
alter critical relationships or facts. The analyst must rec-
ognize not only his own limitations but those of VERT as
well.

Program applications

The Venture Evaluation and Review Technique has
been used in support of several Army programs and at
least one Navy project. One of the most noteworthy ap-
plications of VERT occurred during the 1975 demonstra-
tion and validation phase of the Army’'s XM-1 Tank de-
velopment program. The study was structured to examine
the XM-1 program manager's question: given a decision
to proceed into full-scale engineering development, what
is the risk of experiencing unfavorable schedule, cost, or
system performance variances? The study was refined to
address the following specific objectives:

® Schedule risk expressed as a time distribution for
meeting the Army System Acquisition Review Council
milestone.

® Cost risk expressed as cost-variance distributions de-
rived from schedule analysis.

Defense Management Journal

® Performance risk expressed as the probability of ex-
periencing a hardware problem that would significantly
delay completion of the test program.

VERT simulation was also used in the Cannon-
Launched Guided Projectile program to examine the
probability that the development effort would successfully
reach the production phase. The simulation indicated that
there was a 95 percent probability of at least one man-
ufacturer qualifying for full production. It also indicated
that the total cost of the program would run about $9 mil-
lion over baseline cost if there were a 9-month extension
in the schedule.12

The technique has also been used in support of the
Army's Platoon Early Warning System, the M110E1 self-
propelled howitzer, and the Advanced Attack Helicopter
program. On the helicopter program, VERT was used to
evaluate the validation-phase schedules through the sec-
ond Defense Systems Acquisition Review Council mile-
stone. At this early stage of development there was con-
siderable risk in many areas. The analysis allowed early
identification of possible impacts caused by activities
having high probabilities of not occurring as planned. The
benefits were so great that the program manager re-
quested continuous tracking of the program by VERT
simulation.

To explore the capabilities of the risk-assessment
technique, the Navy ran a test application of VERT on the
radar system for the F-18 aircraft. The risks were related
to new performance requirements, and the simulation
examined the amount of testing to be conducted in the
laboratory versus aboard a flight-test aircraft. Again, the

11 Lenox, p. 72.

12 James B. Besson, Risk Analysis of the 155MM Cannon-
Launched Guided Projectile, Rock isiand, lllinols: U.S. Army
Armament Command, 1976, p. 4.
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analysis provided the program m:inager with valuable
information.

Problems with VERT

Some minor problems have arisen with VERT, but
none are considered major obstacles to its effective use.
The most frequent problem is related to the collection of
data needed to describe the probabilistic behavior of the
variables of time, cost, and performance. Although the
VERT program is capable of using many different dis-
tributions, most data are represented by a triangular dis-
tribution indicating, for example, most pessimistic, most
likely, and most optimistic. This is not necessarily wrong,
but it does not really use the capabilities of the model,
and it thus reduces the accuracy of the simulation out-
put.13

Another common data problem is the inability to obtain
from the experts accurate estimates of the time and cost.
The experts tend to be overly optimistic in their esti-
mates, but this problem is waning as they are coming to
realize that the data are being used only for a risk-
analysis simulation and will not cause them embarrass-
ment by appearing in other documents.

More can be done

Although VERT appears to be quite promising and de-
void of major problems, it has not enjoyed wide use. One
reason for this lies not with VERT, but with the in-
adequate understanding of risk-analysis concepts in gen-
eral.'* Many program managers are handicapped by a
lack of familiarity with quantitative risk-assessment tech-
niques, and few people in the military services are ex-
perienced enough to perform the analysis. In Air Force
acquisition programs, for example, such techniques have
not been used. Similarly, few managers are accustomed
to using the outputs of a risk analysis. For instance,
probability distributions depict the risk of development
more accurately than do point estimates; yet there is
widespread resistance to probability distributions be-
cause of their unfamiliarity.'s

13 Thomas, p. 17.
14 Lochry, p. 107.
15 |bid.
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Consequently, an education program is needed to in-
struct analysts and managers in the preparation and use
of formal, quantitative risk analysis. The program needs
to be designed to emphaslze risk analysis for high-level
officials who deal with uncertainties in program manage-
ment and program approval.

Another reason that VERT is not used often is the
systems-acquisition community’s failure to publicize or
offer significant training in VERT. Consequently,
program-management personnel are unaware of the
technique and its possible applications in the program-
development environment. The Army recognized this
shortfall and started a comprehensive course of instruc-
tion on risk-analysis techniques, primarily oriented toward
the RISCA methodology. Now, because of increasing
interest and confidence In VERT, the Army Logistics
Management Center intends to emphasize it in advanced
risk-analysis courses.

Yet another reason VERT is not used more frequently
is the problem of limited rtimbers of personnel and a high
rate of personnel turnover in program offices. No agency
outside the program office can effectively perform a risk
analysls of that program, since only the program office
has the necessary data to work with the program man-
ager and has access to him in selecting alternative
courses of action. Thus, a risk-analysis team is needed at
the product-division staff level to provide the corporate
memory necessary to implement a quantitative risk anal-
ysis. This team would marry the mechanics of VERT with
the data source in the program office.

As the use of VERT increases, knowledge of its appli-
cations will grow. Further applications and research are
necessary to confirm its validity as a risk-assessment
technlque. Users need to be encouraged to express their
reactions to the technique. These reactions should be
analyzed to ascertain the actual benefits being achieved.
This investigation could lead to the development of a data
bank to determine the degree to which actual program
events were substantlated by the model's predictions.

The Venture Evaluation and Review Technique Is not
necessarily better than any other technique, but It does
provide the program manager an accessible tool for in-
tegrating cost, schedule, and performance parameters.
With VERT, the program manager can add a new ditnen-
sion to the analysis of program decisions, improving the
perspective on alternative courses of action. DVjJ

MAJOR GREG A. MANN is the aircraft systems test
manager at the Air Force Test and Evaluation Center,
Kirttand AFB, New Mexico. He holds a bachelor's de-
gree in aeronautical engineering from Texas A&M and a
master's degree in systems and logistics management
from the Air Force Institute of Technology. Major Mann is
also a graduate of the Alr Command and Staff College
and the Armed Forces Staff College.
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1. Full value the partially completed activities.

2. Partial value the partially completed activities.
3. Pruning the uninitiated activities.

4., Full value the unitiated activities.

Option No. Field Entry Preceding Computations Used

1. 0 or blank 1 and 3
2. 1 2 and 3
3. 2 1 and 4

Col. 5, Format Il. Full print trip option. Entering a "1" in
this column requires a card to be entered following the problem
jdentification card which carries the names of arcs and/or nodes.
When any of these arcs or nodes are active, the program will list
all the arcs or nodes which were active for the given iteration.

Col. 6, Format Il. Correlation computation and plot option.
Entering a "1" in this column requires a card to be entered
following the full print trip option card, which carries the
correlation and plot combinations wanted for terminal nodes.

Col. 7, Format Il. Cost-performance time interval option.
Entering a "1", "2} or "3" in this column requires entering cards
following the correlation computation and plot option card which
carries the time intervals and possible upper and lower boundaries
for the histograms used to plot the cost incurred and/or perform-
ance gained during these time intervals. Entering a "1" in this
column indicates that cost only is desired, while entering a "2"
indicates that performance only is desired. If both cost and
performance are desired, a "3" should be entered in this column.

Col. 8, Format Il. Composite terminal node minimuns and maximums
option. Entering a "1" in this column requires a card to be
entered following the time interval costing option cards which
carries the minimums and maximums used to print the time, path
cost, overall cost and performance for the composite terminal node.

Col. 9, Format Il1. Entering a "1" will evoke the mean print option.
Otherwise, leave blank.

Col. 10-20, Format I11l. Enter the value initially assigned to the
seed of the uniform (0.0 to 1.0) random number generator. The
ending value of the seed is printed out at the end of each problem.
If this field is left blank or has a "'0" entered in it, the seed
will be loaded with the value of 435459. Further, when running a
series of problems via a single computer run, the program will carry
the seed forward to subsequent problems providing this field is left
blank in those subsequent problems. There is provision in VERT for
embedding two generators, rather than just one uniform random number
generator. If the seed is prefixed with a minus (-) sign, the sign

will be stripped off the seed and generator number two will be used
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for the given problem. If the seed is prefixed with a plus (+)

sign or no sign, the seed will be used as {s and the generator
number one will be employed for the given problem. :

Co1§. 21 -24, Format 15. Enter the number of {terations desired

for this problem.

Cols. 25-28, Format F4.2. Enter the yearly fnterest rate used
Tor InTlating cost and/or performance values for specific arcs
as called out by the user. This number should be entered in
percentage form. For example, 7.5 percent should be entered
in columns 25-28 as 7.5. If none of the cost and/or perform-
ance values of the arcs in the network being processed require
discounting, leave this field blank.

Cols. 29-32, Format F4.2. Enter the yearly.interest rate used
To discount cost and/or performance values for specific arcs

as called out by the user. This number should be entered in
percentage form similar to_the preceding fieid. If none of the
cost and/or performance values of the arcs fn the network being
processed require discounting, leave this field blank.

Note: The inflatfon and discounting calculations are made fmmediately
atter generating the time, cost and performance values for a given arc.
These values are then stored in place of the original values and then
used in a1l future mathematical relationships. However, when the time,
cost and performance values for a given arc are {nterrelated, then the
original unadjusted cost and/or performance values are used in the math-
ematical relationships to calculate values for the dependent variables.

Cols. 33-35, Format F3.2. Enter the time factor which converts
the program time to a yearly basis. This program computes
interest calculations on a yearly basis. This field carrfies
the number of time units existing in the network time domain

in one year. For example, if the network time s in months,

a 12. should be entered in columns 33-35. Leave this field
blank 1f the preceding. two fields are blank.

Note: Values assigned to the following three fields must all 1ie within
either the closed interval of -1.0 and 0.0 or the closed interval of 0.0
and +1.0. These fields must not jointly carry positive and negative
values (f.e., field 1 cannot have a positive entry while fields 2 and/or
3 have negative entries). Entering positive values in these fields will
give rise to choosing the terminal node with the least time and cost and
the most performance combination as the optimum terminal node. Entering
negative values in these fields will cause the terminal node with the
largest time and cost and the least performance to be chosen as the
optimum terminal node. For further informatfon regarding winning terminal
node selection, see the description of the terminal output logic (cols.
10-12 of section D1).

Cols. 36-38, Format F3.2. Enter the weight assigned to time
when aetennining the optimum terminal node.
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¢-0

TAGPRO
TAGPRO
TAGPRO
VOUTPUT
VERT1
VERTZ2
VERT3
VERT4
VERTNEW
VERTNEW!
VBANKNAHM
VBANKNMI
VERTBAT
VERTGF5A
VERTGFSB
VERTGF5C
VERTGS5A
VERTG5B
VERTGSC
VERT IND1
VERTINDZ2
VERTIND3
VERTIND4
VERTINDS
VERTINDG
VERTTELE
VICO30P1
VILTUGNS
VILTUGNI
VPECPTZ2R
VPLTUGN!1
VTITLE
VERTBAT
VERTEDIT

DATA
4014
4827
AAAA
AAAA
AAAA
AAAA
AAAA
BATCH
BATCH
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
EXEC
EXEC
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£€-0

VERTEX
VERTFREE
VERTGRAF
VERTGRF1
VERTGRF2
VERTGRF3
VERTGRF 4
VERTGRFS5
VERTIN
VERTINDX
VERTIND!1
VERTINDZ2
VERTIND3
VERT IND4
VERTINDS
VERTINDSG
VERTIND7
VERTINP
VERTPLOT
VERTPLT
VERTPLTY
VERTPLTZ2
VERTPLT3
VERTPLT4
VERTREAD
VERTRUN
VERTTERM
VERTTEST
VBANKNAHM

VERTBAT

VERTBAT1
VERTFREE
VERTNEW

VERTNEW!

EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
EXEC
FORTRAN
FORTRAN
FORTRAN
FORTRAN
FORTRAN
FORTRAN



-0

ﬁﬁ*
VERTPLOT FORTRAN Al
VTITLE FORTRAN Al
VBANKNAM MODULE Al
VERTBAT MODULE Al
VERTBAT1 MODULE Al
VERTFREE MODULE Al
VERTNEW MODULE Al
VERTNEW!1 MODULE Al
VERTPLOT MODULE Al

VTITLE MODULE Al

VERTTELW DATA LA
VERTI DATA W1
VERTZ2 DATA Wi
VERT3 DATA LA
VERTA4 DATA Wi

LA s T LF R L | o LF T W G P P

S VAR ey WL,



APPENDIX D
MENU LEVEL ORDERED SOURCE LISTINGS

OF DATA FILES USED BY THE MENU.TECHNIQUE



FILE: VERTEX EXELC Al MICWEST S+E CCMPUTER CENITER

CONTRLL (FF

RELEASE 154

ACCESS 194 E/4

=INIT

EGLCBALZ2 = |

¢IF EGLCBALL = 2 &GCTC ~-FIN

EIF &1 = . E&CLTL -CUONT
LIF L4l = JENC ECCTC ~-FIM
LIF &1 = LIST &CCTC -LIST
EIF «&1 = o7 EGCTC -ENCY
CIF .81 = .6 EGCTC -ENCo
LIF +t1l = o5 EGCTC -ENDS
§8IF .8l = .4 &GUTC -ENC4
¢IF €1 = .3 EGOT(C -ENC3
tIk W81 = .2 EGCTC ~-ENCZ
LIF +tl = .1 &GCTC -EANCL
=CCNT

LBEGTYPE

MALN MENU LEVEL: ENTER THE CFTICN CESIREC :

1

FUM VEFT CMLINE

r
i

=  KUM VEFT CFFLINE (CMS ERATCH)

[§§)
]}

VItw VEFT CUTFUT

4 = (KEATE & VERT INPUT FILE
5 = ECIT AN EXISTINC VERT INPUT FILE
6 = GET VEIT PETWCRK FLOT MENU
7 = GET VEFRT CRAFF MENU
LIST = GET VEFT [ATASETS DISPLAY LISTING MENL
END = EMC TrE SESSICA
EENDTYPE
LREALC ARGS
EGLTC -INIT
-END1

EX VERTRUNM
tECLTL -PASS

-END2

EX VEKTBA1
EGCTC -PASS
—-END3

EX VERTTEST
LGCTC ~-PASS
-END4

EX VERTLN
LGLTC ~-PASS
-END5

D-2



FILE: VERTEX EXEC Al VMICWEST S+E CCMPUTER CENTER

EX VEKTECIT
LGLTC —-PASS =

—END6
EX VERTFLT
EGLTC —-PASS
—-E NDT

EX VERTGRAF
EGGTC -PASS
-LIST

EX VERTINCX
EGLTL -FASS
—PASS

EARG S

LGLTC -INIT
-FIN



FILE: VERTRUN EXEC Al MIDWEST S+E CCMPUTER CENTER

8CCNTRCL OFF

RTYFE

&TYFE DO YOU WANT TC CREATE TELEGRAF FILES WITH THIS RUN 2  ENTER YES/NO
&READ ARGS

&IF 81 = YES &GOTC =-RUN2

ERASE + AAAA A

&TYFE ENTER VERT INFUT FILE NANME

&REAC ARGS

&CONTROL ALL

FI 05 DISK &1 DATA Al

FI C& CISK VOUTPUT AAAA A

FI €7 CISK VERTPLN AARA A

FI CR CISK VERT1 AAAA A (LRECL 88 BLKSIZE 884 RECFM VBS)
FI 09 CISK VERKT2 AAAA A (LKECL 88 BLKSIZE 884 KECFFM VES)
FI 17 DISK VERT3 AAAA A (LRECL 96 BLKSIZE 964 RECFM V3S)
FI 11 DISK VERT4 AAAA A (LRECL 444 BLKSIZE 444 RECFM VBS)
VERTNE

&CCNTROL OFF

&CCTC -CONT

-RUNZ - : - 'y - e vy ine o e - eavam
ERASE + AAAA A

RTYFE ENTER VERT INPUT FILE NAME

8REAC ARGS

§CCNTROL ALL

GLCEAL TXTLIB FORTNMCD2 MOD2EEF TTXTCS TTXAGII SANDESUR TELELIB CMSLIB
FI 01 DISK VBANKNAM DATA Al (RECFM FB LRECL 80

VBANKNAM .

FI 01 CISK VBANKNAM DATA Al (RECFM FB LRECL 80

FI €5 CISK &1 CATA Al

FI €€ CISK VCLTFLT AAAA Al

FI €7 CISK VERTFUN AAAA Al

FI 08 DISK VERT1 AAAA Al (LRECL 88 BLKSIZE 884 RECFM VBS)
FI 09 DISK VERT2 AAAA Al (LRECL 88 BLKSIZE 884 RECFM VBS)
FI 1C CISK VERT3 AAAA A1l (LRECL 96 BLKSIZE S64 RECFM VBS)
FI 11 CISK VERT4 AAAA Al (LRECL 444 BLKSIZE 444 RECFM VES)
VERTAEW1

-CONT

&RCONTROL OFF

CCFY PRM DATA Al PRCNLINE CATA Al (REPLACE

CF MSC * YOUR JOB HAS FINISHEC

&READ ARGS



FILE: VBAPKNAM FCKTRAN AL  MICWEST S+E COMPUTER CENTER

CIMCDMSICN MAMELD) VBAUOH
CATA YES/'Y?/ VBAGO

5 WRITE(641) VBAO0O
1 FCRNAT(// " ENTER THE EANKCATA FILENAME FGLLOWEC BY A OOLLAR SIGN V3AJJ
L'/ < MNC SFACES, 10 CHARCTERS NMAX>?) VBAQO
REALC(5,2) MAME VBAQO

2 FLRMET (2 R4) VBAQ]
WrITE(L,2) NAME VBAGCO
WRITE (643) VBACO

3 FLRMAT{(//,"' ©C YCU ¥ ANT TC ENTER ANCTHER FILENAME '/, VBA ]I
= I EANTER Y FCF YES OR N FCR KCY) VB AQ30
FEAL {(544) ARSR VB AJO

4 FURNMET LeL) VBAJD
IF1AMShaEQeYES) cC TL 5 V3AD)
STLF V3ACO

£ ho VBAJD



FILE: VERTBAT EXEC Al MIDWEST S+E COMPUTER CENTER

R CONTROL OFF

CF GUERY BATCEDV

8TYFE

LRTYFE IS BATCHCV "CSC" ? ENTER YES/NO
RREAD ARGS

&IF &1 EQ NO &GOTO =OFF

&RECTYPE

DC YOL WART TC CREATE TELEGRAF FILES WITH THIS RUN ? ENTER YES/NO

S8ENC

&READ ARGS

2IF 21 = YES 2GOTO ~-RUN2

FI 04 DISK VERTBAT CATA Al (RECFM FB LRECL &0 BLKSIZE 6400)

FI €5 TERHM

FI C¢ TERM

VERTBAT

&BEGSTACK

VERIFY OFF

NCKN 2 = - W . . - e
GET VERTBAT DATA Al 1 2

DCWN €

GET VERTBAT DATA Al 2 1

FILE

REND

ECIT VERTNEW EBATCH

RATCF SUEMIT VERTNEW BATCH

AEECSTACK

VERIFY OFF

DOWN 9

DELETE 2

DCWN 6

DELETE

FILE

LENC

EDIT VERTNEW BATCH Al

&§GOTO -END

-RUN2
GLCRAL TXTLIE FCRTMOD2 MOC2EEF TTXTCS TTXAGII SANDESUB TELELIB CMSLIB
FI 01 CISK VEANKAFM1 CATA Al (RECFM FB LRECL €O0)
VEANKANAV

FI 04 DISK VERTBAT DATA Al (KECFM FB LRECL 80 BLKSIZE 6400)

FI 05 TERM .

FI 06 TERM

VERTEATI

REECSTACK

VERIFY OFF

DOWN 8

GET VERTRBAT DATA Al 1 1

NCWN

GET VERTRBAT DATA A1 2 3

CCWhN €

GET VERTEAT DATA A1 B 2 D-6

FILE

REND



FILE: VERTEAT EXEC Al MICWEST S+E CCMPUTER CENTER

FL1T VERTAEWLI BATCH Al
BATCH SULBMIT VERTNEWL EATCK
YELBEGSTACK
VERIFY OFF
DOWN 9
DELETE
+« DOKA
- DELETE 3
. DOWN 6
NELETE 2
FILE
. &ENC
' ECIT VERTNEWl BATCH A1l
8GCTC =~ENC
-0FF
8T YPE - \
&TYFE YOU CAN®T RUN VERT OFFLINE AT THIS TIME BECAUSE BATCHDV IS NOT LOGGED ON
CF NSC OP FLEASE LOG EATCELV ON
' RTYFE :
* &TYFE I HAVE SENT A MESSAGE TO THE CPERATCR TO LOG BATCHDV ON "~~~
&8TYPL :
LTYPE WAIT UNTIL THE OPERATOR TELLS YOU THAT BATCHDV IS LOGGED ON
RTYFPE BEFORE YOU USE MENU ITEM NCe2 AGAIN
&TYFE ~
-ENC
RTYFE
SREAD ARGS

-
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FILE:

1

n

VERTEAT FORTRAN A1 MICWEST S+E CCMFUTER CENTER

INTEGER*2 NANMEC(Z)
WRITE(6s1)

VEROOU1Q
VER0OOO20

FORMAT(//y * ENTER THE UNIGQUE FILENAME OF THE VERT FILE TO BE RUNVERO0O0O030

10/ (SIX CHARACTERS MAX) ")
READ(542) NAME

FORMAT(ZA2)

WRITE(443) NAME

FORMAT(SFI 05 DISK VI®*93A2.% DATA B1*)

WRITE(444) NAME

FORMATC(®*FI 06 DISK VC'42A2¢" DATA W1

WRITE(44S) NAME

FORMAT(®CP NMSC FPKERLY VI'9y3A2,°
STOP

END

HFAS FINISHED®)

D=8

(LRECL 132)°*)

VEROOGO40
VEROOGS0
VEROOOC60
VERNDQO73
VER0OOS8O
VEROCO0SO
VERO00190
VEROO110
VER00120
VEROJ130
VER0OO140



FILE: VERTNEW BATCH Al MICWEST S+E CCMFUTER CENTER

/J0B FPKERLY FFVERT

/IDENT VERTNEW

CP SPCOL CONSCLE FPKERLY START TERM CLASS €

CF LINK FFKERLY 191 192 RR KEN

ACCESS 192 B/A

CF LINK FPKERLY 194 194 MW KLK

ACCESS 194 W

ERASE + aAppapA W

gFI 07 DISK VERTPUN AAAA W1

JFI C€ CISK VERT1 AAAA W1 (LRECL 88 BLKSIZE 444 RECFM VBS)
F1 €S CISK VERT2 AAAA W1 (LRECL 88 BLKSIZE 444 RECFM VBS)
FI 10 CISK VERT3 AAAA W1 (LRECL 96 BLKSIZE Se4 RECFVM VBS)

FI 11 DISK VERT4 AAAA W1 (LRECL 444 BLKSIZE 4444 RECFM VBS)
VERTNEW

CF SFCCL CONSCLE STCP NCCONT
CF SFCCL CONSCLE CLCSE

CF SFCCL E NCCCNT

CP CLOSE 00E

CP SPOOL E OFF

CF SPOOL D NOCONT

CF CLCSE D

CF SFCCL C OFF

/ *
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FILE: VERTBAT1 FCRTRAN Al MICWEST S+E CCMFUTER CENTER

INTEGER*2 NAMECS)

WRITE(6e1)
1 FORMAT(//,

10/

WRITE(443)
3 FORMAT(®COPY VBANKNM1 DATA Bl vB'e3A2¢?
WRITE (444)
4 FORMAT('FI
WRITE(4e¢5)
5 FORMAT(*FI
~ WRITEC(448)
€ FORNAT(*FI
RRITE(4¢7) NAME
7 FCRMAT(*CCFY FRNM

VERDOO10
VERUNN21(

* ENTER THE UNIQUE FILENAME OF THE VERT FILE TO BE RUNVERODO30
(SIX CHARACTERS MAX)?)

REAC(542) NAVE ‘
2 FORMAT(3A2)

NAME

NAME

11 DISK VEY9ZA2,?

NAVE

15 DISK VI?93A24°

NAME

06 CISK VCY42A2¢°

WRITE(4+8) NAME

& FORMAT(*CP MSG FPKERLY VI"93A2,4°*

STOFP
" END

DATA W1M")

DATA B1?")

DATA W1

(REPLACE?")

DATA W1 (LRECL 1323)*)
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HAS FINISHED®)

CATA Al PR®¢3A2¢* CATA W1 (REPLACE')

VERJ0040
VERDQ0J50
VERQOOGD
VERDODTO
VERQO080
VERONDSO
VEROD100
VERDOD119
VEROO120
VEROD130
VERON140
VEROC150
VERUO1610
VE<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>